Abstract: This study aimed to assess self-reported chewing ability among a sample of Sudanese adults and to identify factors associated with impaired oral function. A total of 1,888 adults (≥16 years old) attending outpatient clinics in Khartoum State were included. Subjective chewing ability was assessed by interviewing participants on chewing complaints and perceived difficulty of chewing 15 common Sudanese foods. Pearson and multivariate analyses were used to examine relationships between chewing ability and characteristics obtained from interviews and clinical examination. Chewing complaints were reported by 33.5% of subjects; 15.2-33.4% had perceived difficulty of chewing hard foods, whereas only 1.5-6.9% had difficulty eating soft foods. The likelihood of chewing complaints was higher in people with dry mouth, <20 teeth, tooth decay, poor self-rated oral health, perceived difficulty of chewing, and higher oral health-related quality of life (OHRQoL) scores. Individuals with <20 teeth, poor self-rated general health, and higher OHRQoL scores were all more likely to have perceived difficulty of chewing certain foods. Impaired chewing ability was rather highly prevalent among Sudanese adults. Addressing factors such as dry mouth and tooth loss/decay, which have been identified to be associated with impaired oral function, might help to decrease the risk of omission of essential foods from the diet and improve OHRQoL. 
Introduction
Chewing ability is influenced by several clinical and behavioural factors, such as the number of teeth (1) , occluding pairs of teeth (2) , presence of restorations (3), amount of saliva (4) , and gender (5) . Previous studies have revealed that chewing ability can affect an individual's oral health-related quality of life (6, 7) and nutritional status (8) (9) (10) (11) . This is important, as research has established the existence of an interrelationship between oral and general health (12, 13) .
Chewing ability can be evaluated by an objective and repeatable laboratory test (14) or by subjective self-reporting (1). Some authors have assessed selfreported chewing ability through chewing complaints and perceived difficulty of chewing certain foods (15) . Even though self-reported assessment of chewing ability is informative and valid for large samples (16) , it could be argued that this method is more indicative of patient preference in food choice.
Only a few studies have investigated chewing ability in African countries (6, 15) , where the oral health status profile differs from that of many western countries (17) , and data on this issue in Sudan are lacking. Therefore, this study aimed to assess self-reported chewing ability through chewing complaints and perceived difficulty of chewing common Sudanese foods, as well as to evaluate the relationship between self-reported chewing ability and other factors.
Materials and Methods

Study design
This study was part of a larger study, which, besides investigating oral health, assessed the psychosocial impact of dental disease in a Sudanese population. The study was carried out between August 2009 and March 2010. The study participants were recruited from among those attending outpatient dental hospitals (n = 1,659) and dental health centres (n = 229) distributed among seven provinces of Khartoum State. A formula for proportion estimates was used to calculate the sample size, taking into account a tooth loss prevalence of 67% according to previous Sudanese studies (18, 19) and a precision of 3; the design effect was set as 2. Proportional sampling based on the attendance rate of outpatient clinics was carried out. Accordingly, patients were selected consecutively until the necessary number of respondents from the various hospitals and health centres was obtained. Full details of the sampling procedures have been published elsewhere (17) . Written consent was obtained from the patients. In 2009, the National Ethical Clearance Committee of the Federal Ministry of Health in Khartoum approved the study protocol.
Data collection
Interviews A questionnaire administered through interviews by five calibrated researchers was used to collect the data. Socio-demographic variables included age, gender, ethnic group, and socioeconomic status (occupation, total monthly income, education).
Behavioural variables included frequency and reason for dental visits, number of teeth removed at final visit (if applicable), tobacco use and method of consumption, and the frequency and method of dental hygiene.
Medical characteristics of the population sample were obtained through questions on use of medication, previous surgery, and details of diagnosed medical conditions. The respondents were also asked 'How often does your mouth feel dry?', with response options 'always', 'frequently', 'occasionally', or 'never'. At the analysis stage, those who had responded 'always' or 'frequently' were designated as xerostomic.
The shortened version of the Oral Health Impact Profile (OHIP-14) was translated into Sudanese Arabic and used as a measure of oral health-related quality of life (OHRQoL). The format of the questions was 'How often during the last 12 months have you had (impact item) because of problems with your teeth, mouth, or dentures?'
Responses to each OHIP question were rated on a Likert-type scale to indicate whether the impact had occurred 'never', 'hardly ever', 'occasionally', 'fairly often', or 'very often'. For analysis, the answers were coded from 0 ('never') through 4 ('very often').
Global questions of perceived need for dental treatment were used, with response categories 'no', 'yes', and 'don't know'; self-perceived oral and general health was evaluated with responses provided on ordinal scales, 'good', 'fair', and 'poor'.
Subjective chewing ability was assessed by interviewing the 1,888 individuals from the oral health survey regarding chewing complaints and perceived difficulty of chewing common Sudanese foods (15) . The perceived difficulty of chewing was evaluated by asking individuals about difficulty of chewing 15 common Sudanese hard and soft foods (15) . A small pilot study was performed before the survey to identify foods considered easy and hard to chew by adults in Khartoum State, which helped to validate the questions. The foods considered hard included peanuts, meat, raw carrots, dates, nabak (a small dried fruit of the Ziziphus mauritiana tree), corn on the cob, and turmus (cream-coloured bean cooked in salty water), whereas those considered soft included lugma (stiff porridge), kisra (thin sheets of traditional bread), white bread, rice, foul (cooked brown fava beans), cooked potatoes, tomatoes, and ripe bananas.
The foods were listed randomly and scored as follows: 0 = very easy; 1 = minor problems, adapted; 2 = minor problems, not adapted; 3 = difficult but not avoided; 4 = very difficult but not avoided; 5 = very difficult and avoided; 6 = have never eaten that food (not avoided). Easy-to-chew foods were given a score of 0 and foods chewed with difficulty from categories 1 to 5 were given a score of 1. The scores were then computed as count scores to give a maximum perceived difficulty of chewing (PDC) index score of 15. Participants with a score of 1 or more were classified as having perceived difficulty of chewing.
The PDC index in the current study proved to have good internal consistency with a high (0.89) Cronbach's α coefficient (Table 1) . Test-retest reliability of questions from the PDC index was tested in a subset of 20 participants on two occasions with an interval of 2 weeks (Table 2) .
Chewing complaints (CCs) were scored as follows: 0 = no complaints; 1 = chewing takes too long; 2 = must swallow food coarsely; 3 = cannot chew all kinds of food; 4 = have to use special or specially prepared food; 5 = other complaints such as pain or discomfort during chewing (15) . Participants with a score of 1 and above were categorized as having CCs.
Clinical examination
Five calibrated dentists including the lead author carried out the clinical examinations. The extent to which the dentition was affected by dental caries was recorded using the decayed missing filled teeth index (DMFT). A full mouth recording for 32 teeth was performed (20) . A visually present carious lesion confirmed by a community periodontal index (CPI) probe was recorded as decay. Teeth extracted because of cavities were recorded as missing due to caries. Periodontal health was evaluated by the CPI (20) .
An index that uses partial recording of the 12 upper and lower anterior teeth was used to examine tooth wear. The same index was used in the survey of Oral Health of (22) . Functional tooth units (FTUs) were assessed using articulating paper. Anterior teeth were considered functional if they met in protrusive or lateral eccentric positions (7, 23) , and the maximum possible number of anterior FTUs was 6. Posterior teeth were considered functional if they met in centric relation, and the maximum number of posterior FTUs was 10. The number of FTUs of natural teeth and artificial teeth of fixed or removable prostheses was determined (23,24,) .
The clinical examination procedures and calibration were performed by trained investigators, and inter-examiner reliability was checked using intra-class correlation coefficients (ICCs). This was assessed in 20 patients at the beginning and during the survey, on clinical measures of CPI, DMFT, tooth wear, and FTUs with an interval of 2 to 3 weeks. According to Fleiss (25) , the ICC for the CPI ranged from fair to good; that for DMFT was excellent; that for tooth wear ranged from fair to good (17) ; and that for FTUs was excellent at the start 0.88 (95% CI, 0.80-0.91) and during the survey 0.89 (95% CI, 0.84-0.93).
The main investigator performed field checks during the survey and acted as the gold standard. Data were entered in standardized proformas, and then onto a spreadsheet for analysis. Random checking was implemented to verify the correctness of data entry.
Data analysis
The statistical software package STATA Release 9 (Stata Statistical Software 2005, StataCorp LP, College Station, TX, USA) was used to analyse the data. For validity of the PDC index, its relationship to CCs and OHIP-14 was analysed, and its internal consistency reliability (Cronbach's α) and test-retest reliability (ICC) were investigated.
Data were subjected to frequency distribution analysis. Bivariate analysis was carried out using Pearson's χ 2 test. Categorical dependent or outcome variables were reduced to binary variables, such as no CCs (0) and having CCs (1), as well as no perceived difficulty of chewing common Sudanese foods (0) and having perceived difficulty of chewing (1) .
Independent factors used in multivariate logistic regression modelling were socio-demographic variables (gender, ethnic group, occupation, monthly household income, and education level achieved); behavioural variables (frequency of dental visits, tobacco use, and frequency and type of dental hygiene); medical variables (how often mouth feels dry, had surgery, and presence of impacts occasionally, fairly often, and very often taking a value of 1, and never/hardly taking a value of 0). Global questions of perceived need for dental treatment with response categories 'no', 'yes', and 'don't know', as well as self-perceived oral and general health, with responses provided on ordinal scales 'good', 'fair', and 'poor', were also included.
Results
Descriptive statistics
From interviews
In all, 1,888 adults were included in the study, and the participants were divided into seven age groups: 16-24, 25-34, 35-44, 45-54, 55-64, 65-74, and 75+ years. Women represented 59% of the sample. The characteristics of this group of adults have been described in more detail in previous reports (17, 26) .
Up to one fifth (19.3%) of individuals reported that their mouths felt dry occasionally or more frequently, with 3.5% to the point of being xerostomic.
Several (40%) rated their oral health as good, while even more (69%) rated their general health as good. Many (89%) reported a need for dental treatment.
More than half of the participants reported that oral disorders affected quality of life when the OHIP-14s-ar was used to investigate the impacts of selected oral disorders on OHRQoL (27) .
With respect to CCs, a sizeable number of the whole sample (33.5%) presented with some form of complaint (Fig. 1) . Responses regarding perceived difficulty of chewing common Sudanese foods established that 15.2-33.4% of people had perceived difficulty of chewing common Sudanese hard foods, whereas only 1.5-6.9% had perceived difficulty of chewing common Sudanese soft foods (Table 3) .
From clinical examination
The results showed that in all age groups, 41.4% had healthy periodontal tissues and the percentage of the population with decayed, missing, or filled teeth was 95.5%. Caries prevalence was 87.7% of decayed untreated teeth. The mean number of decayed teeth was 3.5 (SD 3.2) and that of missing teeth was 3.6 (SD 4.9), while the mean number of filled teeth was 0.2 (SD 0.8).
The mean number of teeth was 28.4 (SD 4.9), and that of FTUs was 12.20 (SD 3.70).
Over one third (35.5%) of participants had anterior tooth wear that involved at least some dentine.
Descriptive statistics and bivariate associations of chewing ability
Associations between chewing ability and the range of categorical variables were assessed using Pearson's χ 2 test (Table 4 ). The variables were entered in 2 × 2 tables to examine the relationship between chewing ability, that is, CCs and perceived difficulty of chewing, and various variables (sociodemographic, behavioural, medical and clinical).
Socio-demographic variables (except ethnic group and occupation), behavioural variables (dental visits, reason for visiting the dentist and cleaning between teeth), medical variables (use of medication, occurrence of dry mouth, and suffering from disease), clinical variables (18 sound untreated natural teeth, tooth loss/decay, prosthetic status, anterior and posterior FTUs), and self-reported oral and general health and perceived need for dental treatment were all significantly associated with perceived difficulty of chewing and/or CCs. Perceived difficulty of chewing and CCs were also significantly associated with each other. Only the significant variables (P < 0.05) were included in the multivariate logistic regression model. Characteristics associated with perceived difficulty of chewing Again, only the characteristics that increase the odds of predicting perceived difficulty of chewing common Sudanese foods at statistically significant levels are shown in the model (Table 5) , which included dental status (0-20 / 21+ teeth; <18 / ≥18 sound untreated natural teeth), selfrated general health, and OHIP scores. Individuals with less than 20 teeth (OR, 3.35), those who rated their general health as poor (OR, 4.67), and those with higher OHIP scores (OR, 3.47) were all more likely to have perceived difficulty of chewing certain foods.
Multivariate logistic regression findings Characteristics associated with CCs
Discussion
In this study, factors affecting chewing ability, which is a significant aspect of oral health, were investigated. Detection of oral health problems related to chewing ability can help to assist oral health care providers in preventing and addressing chewing difficulties by identifying the factors associated with impaired oral function.
Although chewing ability was assessed in people who actually sought dental care, the results of our study are probably not a gross overestimate of the general population because only a few of those who presented had sought treatment for teeth replacement.
The mean number of total FTUs was relatively high, with very few participants wearing artificial FTUs (from fixed or removable prostheses), which is in accord with the findings from the Oral Health Survey (17) conducted on the same population, wherein only very few people (4.3%) wore an upper bridge or denture and had prosthodontic appliances (1.7%) in the lower jaw (26) . This gives some indication of the limited level of prosthodontic care in Khartoum State. Conversely, dentists carrying out the survey reported that the need for prosthetic treatment was high, with over one-third of the participants requiring prosthodontic replacement of teeth in the upper jaw, and nearly half of the participants requiring it in the lower jaw (26) .
Approximately one third (33.5%) of the participants under investigation had CCs. Previous studies (6) have reported a similar prevalence (40%) of problems with chewing at least one common Tanzanian food item. From the Florida Dental Care Study (23) , 23% of dentate participants aged 45 had difficulty chewing one or more food items. A point to be noted is that the chewing indices of these studies were different, and thus the results should be compared with caution.
Although several factors were found to be significant in the bivariate analysis, only a subset of these measures was significant when other factors were taken into account. This might be due to factors exerting influences on chewing ability by producing differences in other aspects of oral health.
This study, like a previous study (1) , identified significant associations between the number of teeth and chewing ability; that is, people with less than 21 teeth had more chewing problems. As recommended by the WHO and according to our results, we recommend a natural and functional dentition of more than 21 teeth to help maintain a healthy diet. Tooth loss results in a poor diet due to the avoidance of nutritious foods, which strengthens the need for treatment strategies to maintain healthy teeth. Observations from a previous study (9) revealed that edentulous participants had a lower intake of vegetables, lower intake of fibre and carotene, and higher intake of cholesterol, saturated fat, and calories than participants with 25 or more teeth. The importance of teeth and their association with a healthy diet rich in fruit and vegetables, satisfactory nutritional status, and acceptable body-mass index has also been highlighted (28) .
It has been theorized that the functional arrangement of teeth would be more discriminatory of masticatory ability than the mere number of teeth. Therefore, we examined the association between FTUs and chewing ability using multivariate analysis. Unexpectedly, the distribution of FTUs (opposing tooth pairs) did not play as important a role as hypothesized, whereas the fact that tooth loss increased the likelihood of chewing problems supports the discriminatory validity of the PDC index. Given the limited infrastructure for oral health care service delivery in Khartoum, the patients presented with a large number of un-restorable teeth and roots, which, though not classified as functionally opposing/meeting teeth, might be easier to chew with than edentulous ridges.
According to our findings as well as the results of other studies (4, 29) , individuals presenting with oral dryness were more likely to have problems with eating or chewing certain foods. This implies that treatment of dry mouth, which may be caused by medication, disease, or other factors, may help to improve chewing ability. The relationship between dry mouth and chewing difficulty is not surprising given the importance of saliva in chewing and bolus formation. Likewise, a study by Shinkawa et al. (30) revealed the association of poor chewing ability with lower mucosal moisture in elderly individuals. The authors evaluated oral dryness objectively by measuring the water content in the oral epithelium as well as subjectively by self-assessed oral dryness.
Significant associations were observed between chewing ability and self-reported measures of oral and general health, as well as OHIP scores, and these findings highlight the importance of oral health and chewing ability for general well-being. These self-reported measures as well as the significant associations between CCs and perceived difficulty of chewing in the Pearson (Table 4 ) and multivariate analyses (Table 5 ) support the validity of the measures. There is always a downside to the use of a new measure owing to lack of established validation. Previous studies using new measures have recommended the use of other measures along with a new measure to ensure and validate the quality of the scale.
The finding that those who rate their oral health as poor are more likely to have CCs is again comparable to the results of similar studies (6) . The findings of the current study suggest that some characteristics influence how patients' perceived impaired chewing ability is related to overall perceived oral health.
A striking finding from this study is that those who rated their general health as poor were nearly five times more likely to have perceived difficulty of chewing certain foods, suggesting that Sudanese adults consider oral health important. One has to remember that the WHO has defined health as 'a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity'. This is in accord with the results of other studies (1) showing that reduced chewing ability was more frequently reported by people who considered their general state of health to be impaired than by healthy participants. The effect, if any, of perceived difficulty of chewing on the perception of one's general health should be taken into account when developing programmes to improve OHRQoL, because altered food choices have been implicated in an increased risk of cancer and cardiovascular disease (9) . This study confirmed that individuals' perception of chewing ability is significantly related to OHRQoL, in that those with higher OHIP scores were more likely to report having chewing problems and perceived difficulty of chewing. This is not very surprising, because OHIP-14 includes three questions directly related to chewing, such as 'discomfort eating foods', 'interrupted meals', and 'poor diet'. This result also supports the validity of the PDC scores.
The Oral Impacts on Daily Performance scale (6) showed that people who were dissatisfied with their chewing ability reported more impairment of daily performance. This was also reported in another study (7) , which established a significant association between chewing ability and OHRQoL as measured by OHIP-14 in a population-based sample. Therefore, evidence from our own study as well as that from studies with different settings and populations supports the hypothesis that chewing ability seems to have a consistently significant impact on OHRQoL. The high prevalence of chewing difficulty in this population constitutes an important public health issue, and appropriate care is recommended to prevent overtreatment.
In conclusion, impaired chewing ability was rather highly prevalent among Sudanese adults. As a result, individuals might develop a tendency to omit essential foods from the diet. Patients' perception of their chewing ability was significantly related to their OHRQoL. Chewing ability is an important dimension of oral health; in addition to being associated with OHRQoL, it was associated with self-rated oral and general health, dry mouth, tooth loss, and decay. These relationships support the construct validity of chewing ability as a valid measure of an important oral health outcome.
